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Abstract This work discusses investigations of properties
of superconductors with the electron spin resonance (ESR)
spectrometers. A significant number of articles were pub-
lished on this subject. Many authors have tried to explain
results derived when applying the (ESR) spectrometers to
investigate the properties of superconductors. We show that,
except for a single publication, most have missed a very
important issue, namely, that it is not possible to study su-
perconducting properties with the electron spin resonance
spectrometers unless the mechanism that induces the ESR
signals is understood. None of the authors were aware that
the mechanisms that induce ESR signals in superconduc-
tors must be different than the ESR mechanism that induces
signals in compounds that holds spins. Explanations that de-
scribe this issue are presented.
Keywords Electron spin resonance · Electron
paramagnetic resonance · Spectrometer
1 Introduction
Following the discovery of high Tc superconductors, there
has been an influx of publications related to applying con-
ventional Electron Spin Resonance (ESR) spectrometers to
investigate the properties of high Tc superconductors. The
study was motivated through the observation that when ap-
plying the ESR spectrometer, signals were observed. It is an
unexpected result as the spectrometer is designed to yield
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signals that hold spins. But high Tc superconductors do not
hold spins.
Experimental results, obtained by applying the ESR spec-
trometer to study superconducting properties, are presented
in the book: “Superconductors, Properties Technology and
Applications,” edited by Yuri Evgenievich Grigorashvily.
The book was published by Intech Janeza Trdine 9, 51000
Rijeka, Croatia. All chapters are open access. Free online
edition of the book is available at [www.Intechopen.com].
It is an interesting and recommended book for scientists in-
terested in the superconductivity field. It contains chapters
written by scientists known for their contribution to fun-
damental research in the superconducting field. Chapters 4
and 5 in Grigorashvily’s book present specific results ob-
tained with the ESR spectrometer. They describe the ob-
served signals and how they are formed. The reader is ad-
vised to study these two chapters.
Chapter 4 entitled “Investigating superconductivity with
Electron Paramagnetic Resonance (EPR) spectrometer”
presents ESR results obtained when investigating high tem-
perature superconductors (in superconducting single crys-
tals). The introduction to that chapter states: “The electron
paramagnetic spectrometer is a powerful tool to investigate
properties of superconductors.”
Chapter 5 entitled: “Non Resonance Microwave Ab-
sorption (NRMA) Anomalies in High Temperature Super-
conductors” discusses ESR results in high Tc (supercon-
ducting powder samples). The introduction to that chap-
ter states: “High temperature superconductors are known
to show some interesting properties, especially magnetic
field dependent microwave absorption effects, adding that
striking examples are the appearance of very strong non-
resonant microwave absorption NRMA signals in the su-
perconducting state, using a conventional electron spin res-
onance (ESR) spectrometer.” As high Tc superconductors
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are not conventional paramagnetic compounds that do not
hold spins, signals cannot originate from non-resonant mi-
crowave absorption (namely, magnetic dipolar transitions
between spin levels). Therefore, when analyzing experimen-
tal results derived with an ESR spectrometer, it is neces-
sary to explore the mechanisms that induce signals in the
superconductors, including new superconductors that have
been discovered recently. New unknown properties of the
superconductors may be obtained, provided that the mecha-
nism that induces the ESR signals is understood. Chapter 4
that describes the investigation of superconducting single
crystals presents properties of high Tc superconductors that
have not been published earlier. To follow how the ESR sig-
nals are formed, it is necessary to look for the process that
forms the signals. We reemphasize that ESR signals could
be induced with the spectrometer only through a resonance
process. Therefore, naming ESR results as “non-resonance
microwave absorption” (NRMA) is inappropriate, and mis-
leading. Accordingly, a notation different from NRMA has
to be applied.
To further explain the measurements using the ESR spec-
trometer, we repeat that the spectrometer was designed to
provide signals in compounds that hold spin. When ESR
signals are observed in compounds that do not hold spins,
to discover how such signals were obtained, it is neces-
sary to search for the mechanism that can induce the sig-
nals. As most scientists are not familiar with the process
that forms the ESR signals, we therefore present a descrip-
tion that could help researchers understand the process; the
spectrometer was designed to deliver signals in compounds
that hold spins. Signals are obtained only when the AC-
frequency of the spectrometer is in phase with the frequency
of the rotating spins. The AC frequency is adjusted manu-
ally, or through the spectrometer.
As the superconducting compounds do not hold spin, we
are faced with the important and interesting problem of ex-
plaining the process that forms ESR signals in superconduc-
tors. Obviously, when such a process is discovered, it would
be different than the process that submits signals in com-
pounds that hold spins.
2 Discussion
The results presented in Chaps. 4 and 5 discuss the study of
high Tc superconductors with the ESR spectrometers. The
chemical composition in these two chapters is similar. Dif-
ferent response is obtained when studying either single crys-
tals or powdered material. The different response is related
to the structure of the superconductor’s single crystals, and
to the actual composition of the powder samples. ESR re-
sults, obtained by investigating single crystals, can enable
determining differences in the interacting intensity between
the nearest neighbors of Josephson Vortices. (See Chap. 4
in the book edited by Grigorashvily.) When ESR signals
were obtained in powder samples, it was observed that JVs
were always present. As Chap. 4 discuses single crystals
and Chap. 5 discusses powdered samples, it was observed
that investigating single crystals may enable us to determine
the interaction between JV nearest neighbors (see Chap. 4).
We therefore conclude that ESR signals could be observed
only in the presence of JV. Furthermore, it cannot be possi-
ble to determine the interaction between specific elements in
powder samples. The reason is that nearest neighbor’s ele-
ments are randomly distributed in powders. Thus when pre-
senting results obtained in powders or in single crystals, it
is important to note the differences in the investigated com-
pounds, even if their chemical compositions are similar. We
have earlier indicated that the relative position of elements in
single crystals can be determined when analyzing the ESR
results. Finding the specific position of such elements could
present information related to interaction between nearest-
neighbors elements. In Chap. 5, where powder samples are
investigated, the various elements are randomly distributed.
Therefore, it is not possible to determine the position of the
nearest neighbor elements. Obtaining the relative positions
of the nearest neighbors could deliver necessary information
in studying the properties of the investigated superconduc-
tors.
Presently, we describe how measurements in Chap. 4 or
in Chap. 5 were performed. In Chap. 4, the superconduct-
ing single crystals were introduced into the spectrometer in
a predetermined orientation. Then, the ESR measurements
were run at various crystal orientations (relative to the ori-
entation of the ESR magnetic field). In Chap. 5, supercon-
ducting powder samples were introduced into the spectrom-
eter, then the ESR measurements were run by applying the
regular procedure used to investigate samples that contain
spins.
Studies that may lead to obtaining properties of super-
conductors should be performed by searching for the mecha-
nisms that form the ESR signals. We remark that none of the
results of Chap. 5 or in the references presented in this chap-
ter discuss any mechanism that explains how the supercon-
ducting ESR signals are obtained. The chapter submits about
65 references related to investigations of superconductors
with ESR spectrometers. A study of the results presented in
Chap. 5 indicates that neither the authors of Chap. 5 nor the
authors of the references presented in Chap. 5 were aware
that the investigated superconductors do not hold spins, and
that there should be a certain mechanism that is different
from the mechanism that submits ESR signals in compounds
that contain spins. It is not possible to analyze the ESR result
unless one realizes that the investigated superconductors do
not hold spins. This point is important for those interested in
understanding how ESR signals are formed or how to apply
the ESR technique to derive properties in superconductors.
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Experimental results obtained from the measurements
presented in Chap. 5 show the following interesting results:
(a) ESR signals have been observed only in superconducting
samples that hold Josephson Vortices, (b) peak type signals
as a function of magnetic field were observed, and (c) hys-
teresis behavior as a function of magnetic field was also ob-
served. The chapter adds the remark “that explaining the ex-
perimental results is far from understanding.”
Results derived from measurements presented in Chap. 4
indicate that the ESR signals present interesting results that
can be used to study the properties of the investigated super-
conductors. They may enable one to compare experimental
results derived in studying single crystals or powder sam-
ples.
The following discusses the differences in the study of
high Tc superconductors, presented in Chaps. 4 and 5. It
will also emphasize the different approaches when carrying
out the measurements.
The results that describe the mechanism that induces ESR
signals in superconductors are presented in Chap. 4. They
explain the properties derived in superconducting Bi2212
and Bi2223 single crystals. Analyzing the results in these
two crystals resolves problems related to the mechanism that
induces ESR signals in superconducting compounds that do
not hold spins. Figure 11 of Chap. 4 explains, in a straight-
forward way, how the ESR signals are formed: “The figure
shows that the signals are formed through the spectrome-
ter current that induced motion of Josephson Vortices.” The
ESR results in Chap. 5 relate to superconducting powder
samples. Although a large number of experimental results
are presented, the approach of the authors does not explain
how those ESR signals are obtained and what induces their
particular form, such as peak signal, and the anomalous hys-
teresis signals.
3 Conclusions
This work presents a discussion on the study of high Tc
superconductor properties with the electron paramagnetic
resonance spectrometer. A large number of interesting and
important results is presented in Chaps. 4 and 5 of Grigo-
rashvily’s book. The experimental results in the two chap-
ters have been published earlier. They do not describe the
text and how the results were derived. Instead, the reader is
referred to the results that have already been published. This
procedure was preferred to avoid repetitions of published
results (that explain in detail and clearly how they were ob-
tained). It is not an accepted procedure to present results, as
the reader is not able to read them directly, but has to search
them using a computer. We repeat that the results were pub-
lished earlier in a free online edition. The results presented
in Chap. 4 solve the most important problem. Chapter 5 ex-
plains how signals were derived in superconductors that do
not hold spins: “The ESR signals are obtained by inducing
motion of Josephson Vortices.” The motion of JVs is ob-
tained when the intensity of the AC field is large enough to
overcome the penning of JVs. Therefore, studying the ESR
signal shape and signal intensities as a function of differ-
ent parameters, such as magnetic field or temperature, could
submit information on the nature of the interaction between
Josephson vortices in superconductors, such as those that
were discovered earlier or presently. The reader is referred
to various figures of Chap. 5 that show results obtained in
powder samples. Figure 5 in Chap. 5 presents a peak signal
as a function of temperature. The previous conclusions indi-
cate that ESR signals are obtained only if the AC field inten-
sity is strong enough to overcome the pinning of the JVs. As
the AC field stays constant during the variation of the tem-
perature, it can be concluded that during that time the JV
pinning remains constant. Therefore, the JV density has to
increase and decreases sharply during the temperature varia-
tion. Or alternatively, the JV pinning strength varies with the
temperature. The peak effect could have been studied in de-
tail by applying various procedures, such as field cooling, or
by varying the composition of the powder samples system-
atically. In Chap. 4, where single crystals were investigated,
peak signals were also observed. A proper analysis could
explain the observed results in the single crystals, and could
present additional information of properties in the supercon-
ducting compounds. Figure 11 of Chap. 4 describes how the
ESR signals have been derived.
Before presenting additional comments (see below),
I present a copy of a letter entitled: “Full Chapter Revue.”
The letter was addressed to me by Professor Yury Grigo-
rashvily. It refers to the manuscript that was published in
Chap. 5 of the book “Superconductors, Properties, Technol-
ogy, and Applications”
“Investigating superconductivity with Electron Paramag-
netic Resonance (EPR)
Spectrometer”
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Dear authors of the manuscript,
I have read your paper titled “Investigating superconductiv-
ity with Electron Paramagnetic Resonance (EPR) spectrom-
eter” with great interest. I think that readers of our book will
also find it fascinating. Chapter’s text is informative, very
precise, and logical. I can highlight the goal of this chap-
ter according to your idea written here: “The work shows
that an electron paramagnetic resonance spectrometer is a
powerful tool to investigate properties of superconductors.”
But I can also add that great scientific and applied
interest is present in your measured and collected data,
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memory effect, received by studying the monocrystal high-
temperature superconductors.
There is also a theoretical analysis of observed effects.
I’d like to see more written about it in the conclusion of the
chapter. Otherwise, all attention is given to the device as a
research instrument only.
I must say that among the peer-reviewed manuscripts,
there is one with very similar content. You can see the ten-
tative list of contributing authors (and read the accepted
abstracts—“Non resonant microwave absorption (NRMA)
Studies in High Temperature Superconductors (HTS).” In
this chapter, EPR spectrometer Bruker ER 200D X-band
(9.47 GHz) is used and (Bi, Pb)-2223 bulk samples are in-
vestigated.
I would like to pay attention to the following parts of your
chapter.
As the chapter states, the microwave signal reacts to the
2212 and 2223 crystals’ orientation. It also has no response
in the YBC compound at any orientation. This is a very im-
portant result that has to be brought to readers’ attention.
4 Final Remarks
Recently, a significant number of new unknown supercon-
ductors have been discovered. I draw the attention of the
readers that the purpose in applying the ESR spectrometers
was to investigate the properties superconductors, including
those that have been discovered recently. These works de-
scribe the ESR technique. They also show interesting results
related to the interaction between the JVs and neighboring
elements, including the interaction between the Josephson
vortices themselves. Based on accepted theories, the ob-
served results could not have been understood by applying
the accepted methods to investigate ESR properties.
Various authors have tried to explain newly published
superconducting properties of observed ESR signals with-
out realizing that the superconductors do not hold spins.
Therefore, we doubt if their published explanation is correct.
A rush to publish interpretations of the newly discovered
results, before even understanding the mechanisms that in-
duce such results, is found in various publications. Studying
those publications may lead the reader to understand them
wrongly. We, the authors of Chap. 4, have noticed that to
understand the properties of ESR signals in superconduc-
tors it is crucial to discover the mechanism that yields the
results. We have spent more than ten years trying to discover
the mechanism that induces the ESR signals in superconduc-
tors. The conclusion regarding the usage of ESR spectrome-
ters to investigate the properties of superconductors is to use
single crystals. Signals derived from powders indicate the
presence of JVs. Further studies of the powders may present
interesting results which can be used to study the properties
of superconductors.
It is suggested that in order to analyze those results, one
has to study the powders by introducing more variables in
a systematic way, such as additional elements, or applying
different cooling processes.
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